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ABSTRACT
Evaluating Relative Productivity and Efficiency of Hospitality 
Properties Using Data Envelopment Analysis
by
Elena I. Champaner
Dr. Zheng Gu, Examination Committee Chair 
Professor of Tourism and Convention Administration 
University of Nevada, Las Vegas
The concept of productivity and efficiency is essential to any 
hospitality company as such companies usually face severe competition 
and operate in an ever-changing business environment. Purely financial 
measures of evaluating hospitality efficiency and productivity are not 
sufficient in the long-term. This study makes an attempt to evaluate 
the productivity and efficiency of hospitality operations using a 
nonparametric technique called Data Envelopment Analysis (DEA). DEA is 
a special linear programming model for deriving the comparative 
efficiency of multiple-input multiple-output decision-making units. In 
many industries, the use of DEA helped properties identify millions of 
dollars of annual expense savings not identifiable with traditional 
financial and operating ratio analysis. This study selects a set of 
inputs and outputs for two geographical groupings of casino operations 
and examines the nature of information obtained from the DEA procedure. 
The study then focuses on the interpretation and practical usefulness 
of such information for the hospitality industry. The results of this 
study will help hospitality managers and consultants understand how the
1 1 1
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DEA approach can be used to identify weaknesses and strengths of a 
hospitality property and evaluate its efficiency and productivity.
IV
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
ABSTRACT.......---.........        iii
LI ^3 'T T' i- ‘ îHj ^3....................................................... 57
LIST OF TABLES....................................................... vi
CHAPTER I INTRODUCTION .........  1
Statement of the Problem.....       1
Practical and Academic Significance of the Study................... 1
Organization of the Thesis................    2
Definition of Terms  .........  3
CHAPTER II LITERATURE REVIEW  .....  . 7
The Concepts of Productivity and Efficiency in the
Hospitality Industry  ........   7
Efficiency, Effectiveness, and Productivity........................ 8
Measurements of Productivity and Efficiency. ......  10
Data Envelopment Analysis........................................  14
Technical Foundations of DEA.  ...........  16
DEA versus Parametric Statistical Techniques .............   18
Limitations of Data Envelopment Analysis .............  20
Selection of Inputs and Outputs for Productivity and Efficiency
Evaluation in the Hospitality Industry. .......  20
Inputs and Outputs for Evaluating Productivity and Efficiency
of Casino Operations............       27
Model Selection in the DEA Analysis.................   28
Mechanics of the DEA Analysis ...........  31
Conclusion..........     32
CHAPTER III METHODOLOGY AND DATA............     35
Introduction      . 35
Sample Size Considerations......      35
Selection of Input and Output Variables ......  37
Research Models.  ............     41
Data Source and Reliability and Accuracy of Data. ...........   42
DEA Models to be Used in the Study................................ 43
Software to be Used in the Analysis.............................. 4 4
Model Solution and Analysis Techniques. ..........  45
Summary     4 6
CHAPTER IV RESULTS OF THE STUDY. ..................................... 47
Introduction...........       47
Single-Step DEA Analysis with Model 1 (Las Vegas properties)...... 47
Multiple-Step DEA Analysis with Model 1......     48
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Single-Step DEA Analysis with Model 2 (Chicagoland operations).... 57
Multiple-Step DEA Analysis with Model 2.......................... 58
Summary.........................................................  62
CHAPTER V IMPLICATIONS AND CONCLUSIONS...........       64
Introduction.  .................       64
Summary of the Study............................................. 64
Discussion of the Methodology and Findings....................... 65
Key Limitations of the Study..................................... 67
Suggestions for Future Research......         67
Conclusions  ..............      70
APPENDIX I DEA Model 1 (Las Vegas Strip properties).................  72
APPENDIX II DEA Model 2 (Chicagoland casino operations).............  80
REFERENCES.......................................................... 86
VITA................................................................ 91
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF FIGURES
Figure 1 Concept of Productivity.........     . 10
Figure 2 Generic Classification of Inputs and Outputs.............  12
Figure 3 Model with Inputs and Outputs for Las Vegas Strip
Properties............................................... 41
Figure 4 Model with Inputs and Outputs for Chicagoland Casinos  42
Figure 5 Efficiency-EBITDA Relationship...........................  57
Figure 6 Efficiency-Gaming Revenues Relationship................... 62
V




















Measures of Productivity...............     22
Examples of Input and Output Variables Used
in Models with Hotel-Related Data  ........... 24
Measures of Productivity that Do Not Use Monetary
Values in Models with Restaurant-Related Data............. 24
Measures of Productivity that Use Monetary Value.......... 24
Inputs and Outputs for Las Vegas Strip Properties......... 41
Inputs and Outputs for Chicagoland Casinos................ 41
Results of a single-step DEA analysis with DEA Model..  4 8
Spearman' s rho Coefficient..................... ......... 4 9
Results of a multiple-step DEA analysis with DEA Model 1... 51 
Reference Set Frequencies for Las Vegas Strip Properties... 52
Actual and target values of inefficient casino LVC6....... 53
Input/Output Contribution Analysis for
Las Vegas Strip Casino LVC12..............................  55
X-Efficiency Analysis for Las Vegas Strip Properties......  56
Results of a single step DEA analysis with DEA Model..2... 58
Correlation Coefficient...............     59
Results of a single step DEA analysis with DEA Model 2...  60
Reference Set Frequencies for Chicagoland Casinos......... 61
X-Efficiency Analysis for Chicagoland Casinos............. 61
VI
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter I
INTRODUCTION 
Statement of the Problem 
Although profitability may be increased in the short-term by 
improved operational effectiveness, sustained growth of any company can 
only come from improvements in productivity. Despite the fact that 
virtually all hotels, casinos, and restaurants have sufficient physical 
and financial data to enable the calculation of a variety of 
productivity measurements, the concept of productivity is often 
overlooked in the management of many hospitality operations. The 
increasing importance of services in the economy stimulated the 
development of a number of techniques to measure different aspects of 
service performance. However, productivity and efficiency are complex 
concepts that require more than a single-question approach because the 
concepts have several attributes that are not directly observable.
Practical and Academic Significance of the Study 
A relatively new nonparametric technique, called Data Envelopment 
Analysis (DEA), offers analysts a lot of advantages in measuring 
relative productivity and efficiency. Recent years have seen a great 
variety of applications of DEA for use in evaluating the performance of 
many different kinds of entities engaged in many different activities 
in many different contexts in many different countries. However, 
little has been done to use DEA in the hospitality industry (Cooper,
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Seiford, & Tone, 2000). This study will add to the literature on DEA 
by providing insights into the possible applications of DEA in the 
hospitality industry. In many industries, the use of DEA helped 
properties identify millions of dollars of annual expense savings not 
identifiable with traditional financial and operating ratio analysis. 
For example, using DEA, a reorganization of an 80-branch banking system 
resulted in a 30 percent reduction of personnel with no reduction in 
service quality (Sherman, 1989 as cited in Sherman, 1995). By 
streamlining its branch operations through the use of DEA, a brokerage 
firm saved more than 20 percent of its annual operating costs and used 
these savings to expand marketing and new branch operations for future 
business development (Bank Technology Report, 1992 as cited in Sherman, 
1995) . Following a series of acquisitions, a 350-branch tristate 
commercial bank achieved similar results with the help of the DEA 
approach (Sherman, 1995) . In each of these cases, management 
attributed their operational success to the use of Data Envelopment 
Analysis. DEA modeling can allow hospitality analysts to select inputs 
and outputs in accordance with a managerial focus. This peculiarity of 
DEA opens the door to the "what-if" analysis, which is so critical in 
the hospitality industry.
The methodology and results of this study will help managers and 
consultants understand the process of DEA modeling. In addition, it 
will demonstrate the practical applications of this technique in the 
hospitality sector and, in particular, in the casino industry.
Organization of the Thesis
The remainder of the thesis is presented in three sections. Chapter 
II presents a literature review about the measurement of productivity 
and efficiency in business and, in particular, in the hospitality
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
industry. This chapter provides an overview of previous 
conceptualizations of efficiency and productivity measures as well as 
prior operationalizations of the two constructs. The chapter is 
divided into two parts: 1) an exploration of the importance of 
productivity and efficiency measurement in the service and lodging 
industries; and 2) a summary of research on the fundamental concepts of 
DEA. Chapter III is devoted to the methodology of identifying the 
relevant variables that serve as the inputs and outputs of a casino 
operation's productivity and efficiency as well as to the development 
of DEA models to be used later in the analysis. Chapter IV reports the 
research results from the applications of the DEA models and provides 
an overview of additional procedures that helped gain a deeper insight 
into the performance aspects of a casino operation. Chapter V provides 
general conclusions based on a comparison of the results obtained from 
the different steps of the analysis, presents a detailed description of 
potential practical applications of the DEA technique presented, and 
discusses the limitations of the study and possible directions for 
future research on this topic.
Definition of Terms
Constant returns to scale - may be assumed if an increase in a 
unit's inputs leads to a proportionate increase in its outputs; i.e., 
there is a one-to-one, linear relationship between inputs and outputs. 
No matter what scale the unit operates at, its efficiency will, 
assuming its current operating practices, remain unchanged.
Controllable (discretionary) inputs - inputs over which the 
management of the unit has control and, as a result, can alter the 
amount of them used.
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Correlation coefficient - a measure of the strength of the 
relationship between two variables.
Data Envelopment Analysis - a nonparametric technique used for 
performance measurement and benchmarking. It uses linear programming 
to determine the relative efficiencies of a set of comparable units.
Data set - the group of units and the values of their inputs and 
outputs to be included in the analysis.
Decision-making units (or units) - the collection of firms, 
departments, divisions or administrative units with the same goals and 
objectives, and which have common inputs and outputs. In this study, a 
"unit" was considered to be an individual casino property.
Drop figure - amount of money that is deposited in the drop boxes in 
the casino tables or that flows down to the drop buckets in the slot 
machines.
EBITDA (Earnings Before Interest, Taxes, Depreciation, and 
Amortization) - the profit of a company as shown on the profit and loss
account, before deducting the variables of interest, tax, depreciation,
and amortization.
Effectiveness - the degree to which a decision-making unit's 
performance meets management's expectations.
Efficiency - assessment of output in relation to input if the
variables are measured in terms of goal fulfillment.
Efficiency score - DEA results in each unit being allocated an 
efficiency score. This score is between zero (or 0 percent) and 1 (or 
100 percent). A unit with a score of 100 percent is relatively 
efficient in relation to the other decision-making units included in 
the data set. Any unit with a score of less than 100 percent is 
relatively inefficient.
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Efficient frontier - the frontier (envelope) representing "best 
performance" and is made up of the units in the data set which are most 
efficient in transforming their inputs into outputs.
Environmental factor - neither an economic resource nor a product 
but rather an attribute of the environment in which the units operate. 
An environmental factor which adds resource can be included as an input 
in the DEA analysis.
Facet - each of the segments which make up the efficient frontier.
Inefficient unit - a unit of analysis which, when compared with the 
actual performance achieved by other units in the analysis, should be 
able to produce its current level of outputs with fewer inputs or 
generate a higher level of outputs given the same inputs.
Input - any resource used by a unit to produce its outputs (products 
or services).
Input minimization - the DEA mode adopted when the analysis tries to 
minimize the amount of inputs used to produce the specified outputs.
Input-oriented - a term used to indicate that an inefficient unit 
may be made efficient by reducing its input for the same amount of 
output.
Outputs - the products (goods, services or other outcome) which 
result from the processing and utilization of inputs (resources).
Output maximization - the DEA mode adopted when the analysis tries 
to maximize the outputs produced for a fixed amount of inputs.
Output-oriented - a term used to indicate that an inefficient unit 
may be made efficient by increasing its output given the same amount of 
input.
Peer group - another term for a "Reference set".
Production function - describes the optimal relationship between 
inputs and outputs with the aim of maximizing output for the given
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
inputs. In DEA the equivalent of the production function is the 
efficiency frontier.
Productivity - effectiveness of corporate or organizational 
objectives and the efficient deployment of organizational resources.
Reference contribution - indicates the degree to which a reference 
unit contributes to the calculation of the efficiency score for a unit.
Reference set - the set of efficient units to which the inefficient 
unit has been most directly compared when calculating its efficiency 
rating.
Targets - the values of the inputs and outputs which would result in 
an inefficient unit becoming efficient.
Variable returns to scale - may be assumed if an increase in a 
unit's inputs does not produce a proportional change in its outputs.
Variables - the input and output factors identified as being of 
particular importance to the operation of the units under consideration.
Uncontrollable (non-discretionary) inputs - inputs over which the 
unit's management does not have control and hence cannot alter its 
level of use or production.
Venues - amenities that are located on the casino floor.
Weights - within DEA models weights are the "unknowns" which are 
calculated to determine the efficiency of the units.
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Chapter II
LITERATURE REVIEW 
The Concepts of Productivity and Efficiency 
in the Hospitality Industry 
Traditionally, productivity is a concept associated with the 
manufacturing sector, but much work has been done to improve 
productivity in various service sector industries. Also, a number of 
researchers have already carried out some important projects examining 
productivity in the hospitality industry.
Corporate productivity is often seen as the most important component 
within the hierarchy of productivity. It is related to the 
effectiveness of corporate or organizational objectives and the 
efficient deployment of organizational resources. "Although 
profitability may be increased in the short-term by improved 
operational effectiveness, sustained growth can only come from 
improvements in productivity" (Watson, 1996, p. 96).
Teague and Eilon (1973) give the following reasons why an 
organization should measure its productivity:
strategic purposes, to allow the organization to compare its 
overall performance with competitors or similar firms; 
tactical purposes, to allow management to control the overall 
performance of the organization via individual sectors; 
planning purposes, to compare the relative benefits yielded by 
different inputs and different ways of operating; and,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
internal management purposes, such as assessing individual 
performance.
The day-to-day battle to uphold guest service, improve productivity, 
and control costs will be as critical as ever for U.S. hotel managers 
(Mandelhaum, 2002). However, the concept of productivity is often 
overlooked in the management of many hospitality organizations. 
Virtually all hospitality companies have sufficient physical and 
financial data to enable the calculation of a variety of productivity 
measurements. Basic physical data, such as the number of bedrooms, the 
number of guests, the number of covers served and details about the 
staff employed, together with some financial information from the 
accounts on sales revenue, costs and profits, would allow the 
calculation of a range of productivity measurements for the hotel 
(Basse and Harwood-Richardson, 1996).
Efficiency, Effectiveness, and Productivity
Two concepts related to productivity measurement are that of 
"effective" production and "efficient" production. It is important to 
clearly distinguish between productivity and efficiency and to be aware 
of the fact that a productivity measure may have nothing to do with the 
achievement of the ultimate goal of an activity. Effective production 
is the process that produces the desired results. Efficient production 
would reflect achieving desired outputs with a minimum of inputs. It 
is traditionally referred to as productivity at its maximum level.
While efficiency and productivity are closely related, efficient 
production does not guarantee the best productivity (Brinkerhoff and 
Dressier, 1990).
If an organization's performance is to be assessed in terms of goal 
fulfillment, then the choice of measurement units and the evaluation of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
inputs as well as output items will be vital in order to get a valid 
assessment. An assessment of output in relation to input is defined as 
"an efficiency measure if the variables have been measured in terms of 
goal fulfillment" (Andersson, 1996, p. 212). Thus, Andersson (1996) 
defines efficiency as a "specific class of productivity measures, which 
may be called 'goal productivity', describing how well a process is 
able to achieve its ultimate goal" (p. 212). Siegel (1976), as cited 
in Andersson (1996), defines efficiency as a special member of the 
productivity "family of ratios of output to input" where performance is 
assessed in terms of goal achievement.
Efficiency, thus, is only a component of productivity. It is a 
complex concept that requires more than a single-question approach 
because it has several attributes that are not directly observable.
In this study, productivity is defined as the effectiveness of 
achieving corporate or organizational objectives and the efficient 
deployment of organizational resources, whereas efficiency is an 
assessment of output in relation to input if the variables are measured 
in terms of goal fulfillment. In a sense, efficiency is the goal 
productivity of an operating unit. The concept of effectiveness, in 
turn, is incorporated into the concepts of productivity and efficiency 
and may or may not be included in the concept of productivity. However, 
when it comes to goal fulfillment, the concept of productivity implies 
both the concept of effectiveness and that of efficiency. Figure 1 
demonstrates two possible scenarios for explaining the complex nature 
of productivity.





Figure 1. Concept of Productivity
Measurements of Productivity and Efficiency
There are many particular needs and situations that precipitate 
productivity measurement efforts. Almost always, however, the long- 
range purpose is to enhance productivity. Efforts to gauge and control 
productivity have been around much longer than the term "productivity 
measurement", or even "productivity". Despite the many applications of 
productivity measurement commonly found, it should be noted that all 
these variations are bound together by the single, overarching purpose 
of utility. Productivity is measured so that something can be done 
about productivity, either detect and avoid lapses in productivity, 
maintain worthwhile levels, or improve less productive activities. 
Because productivity measurement often seeks to precipitate change, and 
change is inevitably threatening, productivity measurement requires 
deft handling of a number of complex, interrelated human relations and 
other types of concerns (Brinkerhoff and Dressier, 1990).
The increasing importance of services in the economy stimulated the 
development of a number of techniques to measure different aspects of 
service performance. The fact that the hospitality industry provides a 
distinctive combination of tangible and intangible products and 
services makes productivity a complex area in terms of measurement and 
improvement.
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Due to the characteristics of services (inseparability, 
intangibility, immediate consumption), the concept of productivity has 
not only a quantitative but also a qualitative dimension in the service 
industry. Watson (1996, p. 98) states that "there is no 'true' 
measurement of productivity; rather it is a reflection of a family of 
ratios, of percentages, of approximations, and in some cases of 
'proxies' (i.e., values that are indicators of what productivity might 
be)".
Though the concepts of productivity and efficiency have been studied 
by many researchers, questions about the dimensionality of these 
concepts remain unanswered. Given the number of possible ratios for 
productivity and efficiency measures, researchers need to condense 
several measurements into a single measure. Andersson (1996) claims 
that measurement units of efficiency should measure the amount of goal 
achievement, which may be quite clear in theory but is less so in 
practical applications.
Johns, Howcroft, and Drake (1997) argue that in principle, 
productivity may be measured directly by determining the ratio of the 
outputs of a production unit to its inputs. Andersson (1996) suggests 
that output should be evaluated in terms of how it contributes to the 
ultimate goal of the process, while input should be evaluated in terms 
of how it would have contributed to the ultimate goal of the process if 
the input had been used in the most efficient alternative way.
The outputs of an operating unit are the products and/or services 
produced by the units. The inputs are first the resources used to 
produce the outputs, and secondly any environmental factors present 
which affect the outputs (Thanassoulis, Dyson, & Foster, 1987). There 
are two types of inputs that we are dealing with in the DEA analysis: 
controllable (or discretionary) and uncontrollable (or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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nondiscretionary). Controllable inputs are inputs over which the 
management of the unit has control and, as a result, can alter the 
amount of them used. Uncontrollable (or nondiscretionary) inputs are 
inputs over which the unit's management does not have control and hence 
cannot alter its level of use or production. Uncontrollable inputs can 
be either external (environmental factors, such as competition) or 
internal (such as the size of an operation) to the company. Both 
inputs and outputs can be physical or financial. Figure 2 presents the 
generic classification of different types of inputs and outputs.
Generic Classification of Inputs and Outputs 
(based on the literature review)
Inputs Outputs





Figure 2. Generic Classification of Inputs and Outputs
Avkiran (1999b) argues that failure to account for environmental 
factors is likely to confound the DEA results and lead to unreliable 
analyses. The environmental factor which adds resources may be 
included as an input whereas one that requires resources to overcome a 
poor environment may be included as an output. Environmental factors 
may be measured directly, or indirectly through the use of surrogate 
measures (Boussofiane, Dyson, and Thanassoulis, 1991) . One approach to 
incorporating environmental factors is to consider whether they are
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effectively additional resources for the unit, in which case they can 
be incorporated as inputs, or whether they are resource users, in which 
case they may be better included as outputs (Andersson, 1996).
The units in which outputs and inputs are measured depend upon the 
stance from which these quantities are considered, and they, in turn, 
affect the validity of the ratio. Johns et al. (1997) provide the 
following example to demonstrate the point: a measure of "100 units of 
output per day" from a factory says nothing about the quality or value 
of the output, while a quantity such as "output to the value of 
£50,000" is at the mercy of prevailing market conditions. According to 
the authors, inputs are also subject to such variation (Johns et al., 
1997). Brinkerhoff and Dressier (1990) suggest that ratios which 
emphasize customer satisfaction or the achievement of corporate goals 
are measures of effectiveness. They contrast these with measures which 
emphasize output at the expense of quality, which they consider really 
to be concerned with efficiency. They regard 'true productivity' as 
the ratio of added value of output to input. However, Heap (1996) 
proposes that the most significant measure, which he calls "top-line 
productivity", should be a composite of output factors reflecting 
customer satisfaction (i.e., the "top line") divided by input. Despite 
this apparent divergence of definitions, both of these sources regard 
the measurement of productivity as a practical monitoring activity 
related to the management of operations. Brinkerhoff and Dressier 
(1990) put forward four basic criteria for effective productivity 
measurement :
" quality (which differentiates a productivity measure from one 
simply concerned with efficiency);
“ mission and goals (which adds elements of organizational focus 
and hence effectiveness to the measure);
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» rewards and incentives (which relate measurement to individual 
performance and help to make it a sustainable, i.e. monitoring 
activity); and,
® employee involvement (which permits shared ownership of
productivity measurement, encourages acceptance by the workforce, 
and hence facilitates sustainability).
A number of methods have been developed to accomplish the objective 
of measuring productivity and efficiency. These methods are all based 
on production functions where output is a function of input.
Traditional production functions that are estimated with parametric 
statistical methods describe the expected performance of a "normally 
good" (i.e., average) production unit.
Data Envelopment Analysis 
A relatively new technique, called data envelopment analysis, has 
been applied to measure productivity and efficiency in different 
industries. Data envelopment analysis (DEA) is a linear programming 
nonparametric technique designed to assess the relative efficiencies of 
decision-making units within a hypothetical composite (a set) where the 
inputs and outputs are incommensurate. Decision-making units (DMUs) 
refer to the collection of firms, departments, divisions or 
administrative units with the same goals and objectives, and which have 
common inputs and outputs (Al-Shammari, 1999).
Being a nonparametric technique, DEA can compare input/output data 
making no prior assumptions about the shape of the probability 
distribution under study. DEA allows analysts to obtain a relative 
efficiency score for each decision making unit. The efficiency score 
that is allocated to each DMÜ in the DEA analysis is defined relative 
to other DMUs in the data set, using a "benchmark" score of unity (i.e..
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optimum efficiency within the comparison set of DMUs), which no 
individual decision making unit can exceed. The efficiency score can 
range from 0 (or zero percent) to 1 (or 100 percent). A unit with a 
score of 100 percent is relatively efficient in comparison to the other 
decision-making units included in the data set. Any unit with a score 
of less than 100 percent is relatively inefficient.
Unlike the production function, the DEA score is independent of the 
units in which output or input are measured, and this independence 
allows for great flexibility in specifying the outputs and inputs to be 
studied (Johns et al., 1997).
In DEA, the measurement of relative efficiency with multiple 
incommensurate inputs and outputs was addressed by Farrell (1957) and 
developed by Farrell and Fieldhouse (1962). These authors focused on 
the construction of a hypothetical efficient unit, as a weighted 
average of efficient units, to act as a comparator for an inefficient 
unit. In DEA, the efficiency is defined as a ratio of the weighted sum 
of outputs to the weighted sum of inputs, where the weights are the 
importance that a particular DMU places on an input or output in 
establishing its efficiency measure (Soteriou and Zenios, 1996) .
Recent years have seen a great variety of DEA applications used for 
evaluating the performance of many different kinds of entities engaged 
in many different activities in many different contexts in many 
different countries (Cooper, Seiford, and Tone, 2000). Some industries 
in which DEA has been widely used include:
■ health care (hospitals, doctors);
® education (schools, universities);
■ banks;
■ manufacturing;




® fast food restaurants;
“ insurance companies; and,
" retail stores.
Not a single study, however, has been conducted to test the 
applicability and practical value of the DEA approach in the casino 
industry. Casino operations were selected as the unit of analysis for 
this study.
Technical Foundations of DEA 
DEA analysis was developed as an extension of what is known as 
Farrell's single-output/input technical-efficiency measure which was 
introduced earlier (Madu and Kuei, 1998). When assessing the 
productivity of an organization, it is important to be able to consider 
more than one output or more than one input simultaneously. This is 
problematic because the different variables of interest are often not 
measured in common units; thus, they are not easily and meaningfully 
combined into some type of productivity index. As a solution, Farrell 
proposed a diagrammatical approach that allows one to examine the 
productivity of an organization in terms of either a single input that 
is used to produce two, separate outputs or two inputs used to produce 
a single output (Tankersley, 2000). To some extent, DEA is based on a 
concept of efficiency which is similar to a classical production 
function, which allows one to compare output with input. However, 
whereas the production function can be determined by a specific 
equation, DEA is generated from the data set of observed operating 
units.
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An important assumption of the DEA technique is that all DMUs face 
the same unspecified technology and operational characteristics, which 
defines the set of their production possibilities (Johns et al., 1997). 
DEA extends the basic output-to-input calculation of productivity by 
integrating the weighted sum of outputs to the weighted sum of inputs.
In applying DEA, the weights are estimated separately for each unit
such that the resulting efficiency is the maximum attainable. The 
weights estimated are such that when they are applied to corresponding 
outputs and inputs from other units in the analysis, the ratio of 
weighted outputs to weighted inputs is less than or equal to 1.0 (A 
Data Envelopment Analysis (DEA) Home Page, 1996).
The ultimate objective of DEA is to determine which DMUs are 
operating on their efficiency frontier (i.e., achieve an efficiency of 
1.00) and which ones are not. If the DMU's input-output combination 
lies on the DEA frontier, it is considered efficient, and conversely,
if it lies off the frontier, it is considered inefficient.
DEA is concerned with whether a DMU can increase its outputs using 
the same inputs, or produce the same outputs using fewer inputs. 
Consequently, only part of the entire efficiency frontier is relevant 
when evaluating a particular DMU. The relevant part of the efficiency 
frontier is referred to as a "facet", and its use enables analysts to 
identify inefficient DMUs. By comparing these with efficient DMUs on 
relevant facets, it is then possible to suggest ways in which the 
inefficient DMUs might improve their performance.
A typical statistical approach that is characterized as a central 
tendency approach evaluates producers relative to an average producer. 
In contrast, DEA is an extreme point method and compares each producer 
with only the "best" DMUs. Extreme point methods are not always the
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right tool for a problem but are appropriate in certain cases (A Data 
Envelopment Analysis (DEA) Home Page, 1995).
A fundamental assumption behind an extreme point method is that if a 
given unit, A, is capable of producing Y (A) units of output with X(A) 
inputs, then other units should also be able to do the same if they 
were to operate efficiently. Similarly, if DMU B is capable of 
producing Y(B) units of output with X(B) inputs, then other DMUs should 
also be capable of the same production schedule. DMUs A, B, and others 
can then be combined to form a composite DMU with composite inputs and 
composite outputs (A Data Envelopment Analysis (DEA) Home Page, 1996).
The heart of a DEA analysis lies in finding the "best" virtual DMU 
for each real producer. If the virtual unit is better than the 
original DMU by either making more output with the same input or making 
the same output with less input, then the original unit is inefficient. 
The procedure of finding the best virtual DMU can be formulated as a 
linear program. Analyzing the efficiency of n producers is then a set 
of n linear programming problems. There are two constraints that 
should be specified in this linear program: 1) the first constraint 
forces the virtual DMU to produce at least as many outputs as the 
studied DMU; and, 2) the second constraint finds out how much less 
input the virtual DMU would need (A Data Envelopment Analysis (DEA)
Home Page, 1996).
DEA versus Parametric Statistical Techniques
Data envelopment analysis is superior to parametric statistical 
methods. Unlike parametric forms of analysis such as regression, DEA 
does not require one to specify the structural relationship between the 
independent and dependent variables. While regression analysis has the 
potential for identifying relatively important dimensions, this
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
information does not indicate how managerial and/or firm behavior 
should be strategically modified. Regression analysis can 
differentiate the more important dimensions from the less important, 
but it does not give a definitive prescription as to how much 
adjustment in resources should be made by shifting emphasis from 
relatively less important dimensions (Tankersley, 2000). However, all 
of this becomes possible with DEA. In addition, DEA has the following 
advantages over different statistical techniques widely used to measure 
productivity and efficiency:
■ DEA can handle multiple input and multiple output models;
■ It does not require an assumption of a functional form relating 
inputs to outputs;
■ DMUs are directly compared against a peer or combination of 
peers;
" Inputs and outputs can have very different units. For example,
XI could be in units of lives saved and X2 could be in units of 
dollars without requiring an a priori tradeoff between the two 
(Tankersley, 2000).
" DEA identifies areas that need improvements and offers 
prescriptions as to how improvements can be done (A Data 
Envelopment Analysis (DEA) Home Page, 1996).
The last feature of the DEA techniques makes the analysis a very 
powerful analytic tool and not just a descriptive technique. This 
characteristic of the DEA technique and the extent to which it might 
offer additional insight beyond techniques currently available to the 
hospitality industry professionals will be more closely explored in 
this study.
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Limitations of Data Envelopment Analysis
The same characteristics that make DEA a powerful tool can also
create problems. An analyst should keep the following limitations in 
mind when choosing whether or not to use DEA:
■ Since DEA is an extreme point technique, noise such as
measurement error can cause significant problems;
■ DEA is good at estimating the "relative" efficiency of a DMU but 
it converges very slowly to "absolute" efficiency. In other 
words, it can tell one how well an operation is doing compared to 
its peers but not compared to a "theoretical maximum";
» Since DEA is a nonparametric technique, statistical hypothesis 
tests are difficult and are the focus of ongoing research; and,
■ Since a standard formulation of DEA creates a separate linear 
program for each DMU, large problems can be computationally 
intensive (A Data Envelopment Analysis (DEA) Home Page, 1996).
Selection of Inputs and Outputs for Productivity and Efficiency 
Evaluation in the Hospitality Industry
Despite attempts to identify satisfactory productivity monitoring 
procedures using a range of ratios to express specific limited aspects 
(Johns & Wheeler, 1991), no generally accepted means of productivity 
and efficiency measurement exists in the hospitality sector. Various 
researchers have attempted to measure hospitality productivity by 
focusing their studies upon more or less isolated factors. Sasse and 
Harwood-Richardson (1996) distinguish three main categories of 
productivity measurements: 1) financial (financial factors are used for 
both input and output); 2) physical (physical factors are used for both
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input and output); and, 3) combination (both physical and financial 
factors are used).
Sasse and Hardwood-Richardson (1996) claim that financial 
measurements of productivity include such factors as sales revenue, 
operating costs, value added and profit. The most common physical 
measurements of productivity are room occupancy, covers served per chef 
or per waiter, ratios of guests to staff, number of rooms 
available/sold, staffing levels, and man-hours worked. Other 
measurements may include floor space per guest, numbers of complaints, 
electricity consumption per guest and materials utilization or wastage 
(Sasse and Harwood-Richardson, 1996). There is an extensive range of 
combination measurements, using a physical output and a financial input, 
or vice versa.
Labor is a very important resource, and so it is often taken as an 
input in the productivity equation. Labor costs are often of 
particular interest, as these tend to account for a large percentage of 
the total operating cost. Criticism is frequently leveled at partial 
productivity ratios, in that they tend to consider only one input and 
output at a time. In contrast, the single index of total factor 
productivity attempts to view the efficiency of the transformation of 
all inputs in combination into outputs.
Table 1 demonstrates some of the hotel managers' stated measures of 
productivity that were identified in the study of the Hotel and 
Catering Training Company (Sasse and Harwood-Richardson, 1995).
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Table 1 Measures of Productivity
Physical Financial or combination
Occupancy: room occupancy. Sales revenue: takings per hour, by
guest nights, and bed department, takings per guest (average
occupancy spend), takings per room (room rates)
Staff : staff to guest Costs : general costs per room let,
ratios, staff to rooms labor costs per room let,
ratios, staff turnover, laundry/energy costs per guest night,
staffing levels costs per cover, food and beverage
costs
Use of resources: Profits : per guest night, per room









In exploratory interviews for this study, hotel managers were asked 
to define factors that, in their opinion, influenced productivity. A 
condensed list of factors was drawn up. While it may be possible to 
identify an infinite number of factors impacting productivity, in 
practice it is necessary to eliminate factors with minimal impact.
This list, derived from the work of Sasse and Harwood-Richardson (1990) 
is not intended to be exhaustive, but rather to be representative of 
the key influences that were identified with productivity in hotels: 
staff recruitment and selection; 
staff morale and satisfaction; 
staff training and qualifications; 
staff pay, bonuses and incentives; 
management training;
customer perceptions and satisfaction; 
quality of service and product; 
advertising and promotion;











local environment; and, 
political framework.
Van der Hoeven and Thurik (1984) identified advanced bookings as an 
important contributor to productivity differences between European 
hotels because such bookings enabled hotel managers to plan and to 
match supply to demand. They also noted the importance of economies of 
scale in affiliated hotels. By contrast, the National Institute of 
Economics and Social Research (NIESR) (National Institute..., 1986) 
identifies differences in qualified manpower as the main source of 
productivity differences between hotels in Germany and the UK. A 
survey by the National Economic and Development Council (NEDC)
(National Economic..., 1992) found that British hoteliers were 
comparatively ignorant of productivity management techniques, and this 
finding is supported by a survey of hotel managers by Witt and Clark 
(1990). The NIESR study has been criticized by Baker and Riley (1994) 
for paying inadequate attention to the stochastic nature of demand in 
hotels and restaurants, another complicating factor in productivity 
measurement within this industry. The summary of some of the input and
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output variables that have been used in different models with hotel- 
related data is provided in Table 2.
Table 2 Examples of Input and Output Variables Used in Models with 
Hotel-Related Data
Outputs for a Hotel Property (DMU) Inputs for a Hotel Property (DMU)
number of room nights sold 
total covers served 
total beverage revenue
number of room nights
available
total labor hours
total food and beverage costs
total utilities cost
Several studies have applied DEA in measuring efficiency in the 
restaurant industry. Andersson and Hartman (1995) defined the 
variables to measure both efficiency and productivity in a set of 
restaurants.
1. Productivity is assessed by the use of measurements of resources 
not using monetary values.
Table 3 Measures of Productivity that Do Not Use Monetary Values in 
Models with Restaurant-Related Data
Inputs to measure productivity Output to measure productivity
Number of 
Number of
seats in a 
employees
restaurant Number of 
day
guests served per average
2. Efficiency in that study is assessed by measurements of resources 
using monetary values.
Table 4 Measures of Productivity that Use Monetary Value
Inputs to measure efficiency Output to measure efficiency
Annual fixed costs of the 
restaurant (not including 
salaries)
Annual cost of salaries of a 
restaurant
Annual contribution (gross 
margin) of a restaurant
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The concept of "customer" is integral to productivity measurement 
even though the customer does not appear in the measure itself (the 
only elements of a productivity ratio are outputs and inputs). There 
are two important reasons why "customers" must be identified and 
considered. First, identifying customers helps to clarify which 
outputs of a unit are most important; thus, they should be measured to 
improve productivity. Second, quality characteristics tie the 
customers to an operation or unit. Customers' needs and expectations 
are the basis from which quality criteria are derived. In fact, one 
common definition of quality is "fit for use by the customer". 
Brinkerhoff and Dressier (1990, p. 68) argue that "quality is in the 
eye of the customer". Customer expectations, needs, and opinions for 
quality form the basis for specifying measurable quality criteria that 
will be incorporated into the output component of the productivity 
ratio.
Based on the analysis of different studies (Reynolds & Thompson, 
2002; Avkiran, 1999b; Avkiran, 2000; Johns et al., 1997; Andersson, 
1996; Denton & White, 2000), the majority of the productivity variables 
can be summarized in the following format;
Revenue-related Variables : total revenue (output), total 
revenue/number of operating hours (output); total revenue/meters 
squared of hotel space (output);
Activity-related Variables; occupancy (output), gross operating 
profit (output), number of guests nights (output), average daily 
rate (output), RevPAR (output);
Employee-related Variables; turnover rate (output), labor cost 
percentage of revenue (input), labor cost per labor hour (input),
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total number of employees (input), availability of rewards and 
incentives programs (input);
Management/Organlzation-related Variables (including 
environmental variables: property overheads (input), number of 
hierarchical levels (input), total assets (input), competitive 
set (approximate number of direct and indirect competitors) 
(input)); and,
Customer-satisfaction Indices. The customer-perspective indices 
represent the company's sources of demand. There are several 
potential guest-relations indices: - customer satisfaction; - 
customer retention and loyalty; - new-customer acquisition; - 
market segmentation; - market share; - customer profitability; - 
responsiveness (Denton & White, 2000).
Including additional inputs or outputs in DEA will never reduce the 
efficiency score of a unit. The efficiency score will either stay the 
same or increase (Reynolds and Thompson, 2002), if this is done. One 
way in which the number of inputs and outputs for a function can 
increase is by taking some of them in disaggregated form. For example, 
the costs can be divided into a number of separate inputs, such as 
staff costs and other costs, or staff costs can themselves be split 
into staff costs by category and so on. Inclusion of inputs and 
outputs in disaggregated form will enable the analysis to yield 
information on how the units perform at the level of the component 
inputs and outputs included (Thanassoulis et al., 1987). If an input 
is omitted, the relative efficiencies determined will not reflect the 
performance of units in terms of their effective use of that resource. 
Similarly, the omission of some output would mean the assessment
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ignores the performance of units on that output (Thanassoulis et al., 
1987).
It can be argued that a lot of other variables that can be 
classified as "output/input" variables can be included into the DEA 
model. These arguments are logical and expected; however, it must be 
considered that the choice of inputs and outputs will limit the 
interpretability of the model. As has been discussed earlier, the 
total number of input and output variables will depend on the total 
number of DMUs to be assessed.
Inputs and Outputs for Evaluating Productivity and Efficiency
of Casino Operations
There is no apparent consensus on the variables that should be used 
to measure casino productivity. Martinez (1995) states that there are 
several indicators of productivity in gaming that determine 
productivity; gross revenue, net revenue, total win figure, total drop 
figure, and the hold figure. He argues that total net revenue is 
usually a good indicator of efficiency and productivity because 
operating costs have been deducted and profits can be compared to 
investment. The drop figure can be misleading as a measure of 
efficiency and productivity. Casino programs and special events are 
sometimes measured for efficiency by this concept, and casino personnel 
are blamed when a program turns out to be unprofitable in spite of a 
large drop. Martinez (1995) claims that what is being done is money 
recycling. The customers repetitively purchase chips and cash them out 
shortly thereafter. This pattern is called false drop, and it is one 
of the reasons drop figures are not always a good indication of 
productivity and efficiency.
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The win figure is probably one of the best indicators of efficiency 
and productivity. However, drop and win are interrelated. Does one 
still assume that the organization was efficient if it only retained a 
small percentage of the drop? Is another organization more efficient 
if it retained a much higher percentage of the drop? Is the small 
percentage retained the price casinos have to pay to obtain this heavy 
win (Martinez, 1995)?
Martinez (1995) believes that in general terms, productivity and 
efficiency are going to be determined by income because that is the 
bottom line of any business venture.
Model Selection in the DEA Analysis 
After inputs and outputs are selected, it is necessary to 
distinguish among different DEA models that can potentially be used in 
the analysis. Sometimes it makes sense to use multiple models to test 
whether or not a result is dependent on the models (or methods) used.
The model for measuring productivity might include productivity 
measures and factors that affect productivity. Cooper et al. (2000) 
determined that the following considerations should be taken into 
account regarding model selection:
1. The shape of the production possibility set. The basic DEA model, 
called the OCR (the ratio model of Charnes, Cooper, and Rhodes, 
(1978)), is based on the assumption that constant returns to 
scale prevails at the efficient frontiers, whereas the BCC (the 
ratio model introduced by Banker, Charnes, and Cooper, (1984)) 
and additive models of the DEA analysis assume variable returns 
to scale frontiers; i.e., increasing, constant or decreasing 
returns to scale. If preliminary surveys on the production 
functions identify a preferable choice by such methods as linear
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regression analysis, then researchers can choose a DEA model that 
fits the situation concerned. One should bear in mind that 
conventional regression-based methods deal with single output and 
multiple input cases, while DEA models analyze the relationship 
between multiple outputs and multiple inputs.
2. Input or output orientation. One of the main purposes of a DEA 
study is to project the inefficient DMUs onto the production 
frontiers. There are three basic DEA models. One, called input- 
oriented, aims to reduce the input amounts by as much as possible 
while keeping at least the present output levels. The other, 
called output-oriented, maximizes output levels under, at most, 
the present input consumption. There is a third choice, 
represented by the Additive and Slacks-Based Measure (SBM) models 
(Cooper et al., 2000) that deal with the input excesses and 
output shortfalls simultaneously in a way that maximizes both.
If achievement of efficiency, or failure to do so, is the only 
topic of interest, then these different models will all yield the 
same result insofar as technical and mix inefficiency is 
concerned (Cooper et al., 2000).
3. Number of input and output items. If the number of DMUs (n) is 
less than the combined number of inputs and outputs (m + s), a 
large portion of the DMUs will be identified as efficient and 
efficiency discrimination among DMUs is lost. Hence, it is 
desirable that n exceed m + s by several times (Cooper et al., 
2000). The selection of input and output items is crucial for 
successful application of DEA. Cooper et al. (2000) generally 
recommend a process of selecting a small set of input and output 
items at the beginning and gradually enlarging the set to observe 
the effects of the added items. In addition, other methods (e.g.
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the assurance region method, or the cone ratio model) help make a 
sharper discrimination among DMUs possible (Cooper et al., 2000).
4. Many models should be applied. If one cannot identify the 
characteristics of the production frontiers by preliminary 
surveys, it may be risky to rely on only one particular model.
If the application has important consequences it is wise to try 
different models and methods, compare results and utilize expert 
knowledge on the problem.
A DEA model can be set at either constant or variable returns to 
scale. The analyst is often concerned with the nature of returns to 
scale that would best reflect the operations of the DMUs in the sample. 
Even in a homogenous sample some units may be operating at constant 
returns to scale while others would be operating at variable returns to 
scale. Constant returns to scale implies a proportionate rise in 
outputs when inputs are increased. That is, the scale of operations 
does not influence the efficiency of the unit. Conversely, variable 
returns to scale implies a disproportionate rise or fall in outputs 
when inputs are increased. That is, as a unit grows in size, its 
efficiency would either fall or rise (Avkiran, 1999a). The efficiency 
results obtained from using the different scale assumptions are likely 
to be different. Under the assumption of variable returns to scale, a 
unit found to be inefficient has its efficiency measured relative to 
other units in the data-set of a similar scale size only. Under the 
assumption of constant returns to scale, a unit's efficiency is 
measured relative to units of all different scale sizes. As a result 
no unit will obtain a lower efficiency score using variable returns to 
scale than it achieves using constant returns to scale, and some units 
are likely to achieve higher efficiency results. That is why 
researchers suggest that the assumption of constant returns to scale is
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often a reasonable one, and in efficiency studies, it is the one most 
widely used (Avkiran, 1999a).
Mechanics of the DEA Analysis
Previous DEA studies using hospitality-related business data 
analyzed a combination of controllable and uncontrollable variables in 
a single step (Johns et al., 1997). All inputs and outputs selected 
for the analysis were used to calculate the efficiency score of a DMU. 
However, as has been discussed, the real value of DEA in the business 
environment is that the technique can identify areas that need 
improvements and offer prescriptions as to how improvements can be done. 
If all the inputs and outputs are included in the analysis in a single 
step, then the DEA technique also provides prescriptions for areas that 
are beyond management's control.
To isolate the effect of uncontrollable variables on the efficiency 
score of a DMU, a multiphase (three-step) analysis has been 
investigated by researchers. Avkiran (1999b) suggests that a 
multiphase DEA analysis should consist of the following steps:
I. Examination of the data to ensure that:
a) There is a statistically significant relationship between 
each input and at least one output based on the results of 
a correlation/regression analysis;
b) All candidate input factors are independent of each other 
based on the results of the correlation analysis; and,
c) All candidate output factors are independent of each other 
based on the results of the correlation analysis;
II. Running an output-maximizing/input-minimizing DEA model using
only controllable factors as inputs; and.
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III. Performing multiple-regression analyses examining the effect 
of the uncontrollable factors on efficiency scores.
Thus, this three-step analysis allows management to identify what 
areas need improvement and what can be done to improve the efficiency 
of a DM0. As only controllable inputs are included in the analysis, 
the results obtained will have a practical value to an analyst or 
manager. At the same time, this three-step analysis will show the 
effect of uncontrollable factors on the level of the efficiency of a 
DMU. Thus, the third step of the analysis will reveal what percentage 
of a unit's efficiency is beyond management's control.
Conclusion
There is no universal DEA model that could fit every organization's 
needs and interests. The model-selection, output-selection, or input- 
selection stages would normally involve wide consultation with those 
being assessed to determine what they see as the outputs of their 
function and what environmental factors and resources (i.e., inputs) 
affect those outputs. Avkiran (1999a) offers the following set of 
application questions that can be used as a checklist by managers and 
consultants in their organizations:
1. "What is the DMU to be studied? How many units are there in an 
organization?
2. What are the key business drivers (outputs) critical to success 
of these units?
3. What are the key resources (inputs) that lead to the key business 
drivers?
4. Does an organization collect data on the key outputs/inputs in a 
regular and consistent manner?
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5. Is there a particular aspect of the units' productivity that 
should be evaluated?
6. Which of the units reported as inefficient appear to be 
consistently inefficient over time?
7. Do inefficient units appear as efficient when examined under 
different methods? Why might that be the case?
8. Which is the "global leader" in the sample?
9. Which units comprise the reference sets for the inefficient 
units?
10. Which of the efficient units in the reference sets carry the 
highest peer weights?
11. What are the potential improvements for the inefficient units?"
DEA analysis provides not only efficiency scores for DMUs but also
demonstrates what areas should be more closely investigated. After the 
DEA analysis is performed, the following four-step algorithm proposed 
by Thanassoulis et al. (1987) allows one to gain a better insight into 
the performance of DMUs:
I. Examination of what aspects of a unit's performance contribute 
to its efficiency rating;
II. Determination of whether the unit shows well-rounded 
performance. A unit whose efficiency rating is based fairly 
evenly on all its outputs and inputs can be said to show well- 
rounded performance;
III. Exploration of what aspects of the unit's performance appear 
stronger. The unit may be achieving a high level in the 
output in question by devoting its resources almost 
exclusively to that output rather than by performing all 
relevant operations efficiently; and.
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IV. Analysis of whether the relatively efficient unit can improve 
its efficiency further. The DEA assessment merely establishes 
that DMUs are efficient in comparison with the other units in 
the reference set. The potential for further improvement in 
the efficiency of DEA efficient units should never be 
overlooked. In practice, this calls for an investigation of 
the unit's operating practices outside the DEA context with a 
view to assessing the potential for further improvement.
The uses of DEA are neither exclusive nor exhaustive. An assessment 
of operational performance through DEA should be complemented by ratio 
analysis. Also, profitability measures should be compared with DEA 
results and significant disagreements investigated {Avkiran, 1999a).
In combination with other evaluation techniques, DEA can be a valuable 
management decision-making tool that could provide insights into the 
performance of a hospitality property.
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Chapter III
METHODOLOGY AND DATA 
Introduction
This chapter begins with a discussion of sample size determination 
and the required number of inputs and outputs that should be selected 
for DEA analysis. The majority of the chapter focuses on model 
development and the selection of input and output variables for the DEA 
models created for the study. A part of the chapter is dedicated to 
the discussion of DEA models (input minimization, output maximization) 
and their applicability to the current research. The chapter also 
provides insight into the features of the software used in the study. 
The chapter concludes with a description of a three-step methodology 
adopted for the study, followed by a summary of the types of additional 
procedures that were used at the final stage of the analysis.
Sample Size Considerations 
The version of the software - Banxia Frontier Analyst - used in this 
study limited the number of DMUs that can be included in the analysis 
to twelve observations. Being a nonparametric technique, DEA can be 
performed using a very small sample size. In fact, many studies 
conducted in the past used a sample size of no more than fifteen DMUs. 
However, the selection of inputs and outputs can affect the 
discriminating powers of DEA as the number selected needs to be small 
compared to the total number of units for effective discrimination.
This condition arises because of the flexibility in the choice of
35
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weights in determining the efficiency of each individual unit. In 
seeking to be seen as efficient, a unit can allocate almost all its 
weight to a single input and output. The unit for which one particular 
ratio of an output to an input is highest can allocate all its weight 
to that ratio and appear to be falsely efficient (Ali Emrouznejad's 
Data Envelopment Analysis Home Page, 1995).
Though there are no strict rules for determining the sample size or 
the number of inputs and outputs in DEA analysis, several studies were 
analyzed to address the issue of an appropriate number of inputs and 
outputs for this study. Because the maximum number of DMUs was known 
from the very beginning (software limitations), an appropriate sample 
size had to be analyzed in relation to the number of inputs and outputs 
that could be included in the analysis. Studies conducted using DEA 
(Avkiran, 2000; Sherman, 1995) claim that the number of DMUs that could 
be included in the analysis should be greater than the product of the 
inputs and outputs:
Number of DMUs>(input * outputs)
Drake and Howcroft (1994) indicated that DEA operates more 
powerfully when the number of DMUs is at least twice the number of the 
combined total of inputs and outputs. Thus, the following formula can
be used to determine the sample size:
Number of DMUs >=2 (inputs + outputs)
Avkiran (1999a) argues that the rule of thumb for selecting an
appropriate sample size is to ensure that the sample size is at least 
three times larger than the sum of the number of inputs and outputs. 
Therefore,
Number of DMUs >= 3 (inputs + outputs)
However, in some studies, as cited in Avkiran (1999a), the ratios of 
the number of DMUs to the sum of inputs and outputs were: R = 1.17
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(Haag and Jaska, 1995, and Sherman and Gold, 1985); R = 1.32 (Sherman 
and Ladino, 1995); R = 1.42 (Gidkas, 1991); R = 1 (Oral and Yolalan, 
1990); R = 1.25 (Vassiloglu and Gidkas, 1990); and, R = 0.97 (Parkan, 
1987).
Based on the fact that the sample size affects the discriminating 
power of the DEA technique, this study will consider the following 
conservative rule for selecting an appropriate sample size and the 
number of inputs and outputs required for the analysis, following Drake 
and Howcroft (1994):
Number of DMUs >= 2 (inputs + outputs)
Thus, if a data set created for the analysis contains twelve 
observations (the maximum number possible with the version of software 
used), then the sum of inputs and outputs should less than or equal to
Selection of Input and Output Variables
This study focused on evaluating the efficiency and productivity of 
a casino property. Discussing the hotel industry, Avkiran (1999a) 
offered the following procedure to facilitate the choice of input and 
output variables. He indicated that a good starting point to identify 
input and output variables was to identify the key business drivers 
critical to the success of the hotel. The same principle can be 
applied to the casino industry:
1) Outputs should reflect corporate objectives and strategies. They 
are performance variables; and,
2) The next step is to determine the input variables that can be 
demonstrated to manifest themselves as outputs.
The input and output measures to be used for the analysis in this 
study were identified based on the importance of these measures for the
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unit's operation. Based on the literature review provided in Chapter 
II, gaming revenues and EBITDA/Property were selected as casinos' key 
performance outcomes for this study. The output EBITDA/Property 
allowed obtaining results to analyze performance at the property level, 
whereas the output gaming revenues helped focus on the departmental 
(only casino) level of a property.
After the output variables were identified, it was necessary to
determine factors (variables) that could lead to these outcomes. While
gaming revenues are a major driver of overall growth, non-gaming
amenities continue to increase as a percentage of total revenues (North 
American..., 2001) . Therefore, two types of factors were considered for 
the analysis: gaming-related and non-gaming factors. A combination of 
gaming-related and non-gaming variables shed light on the performance 
of several departments in a property (restaurants, venues, retail, and 
casino). On the other hand, gaming-related variables were included in 
the analysis to gain an insight into the performance of just one 
department within a property - casino. Such a distinction between 
gaming-related and non-gaming factors helped explore what information 
the DEA analysis can provide for different levels of operation 
(property or departmental).
Two data sets representing two distinct geographical areas. Las 
Vegas, Nevada and the Chicago, Illinois area (Chicagoland), were 
created. Because of the importance of non-gaming factors in the 
operation of casino properties in Las Vegas (North American..., 2001) , a 
combination of non-gaming and gaming-related variables was used for Las 
Vegas Strip properties. Gaming-related variables were used for 
Chicagoland casino operations. Due to the limited access to data, no 
environmental factors were included into the DEA analysis in this study. 
It was assumed that the absence of environmental factors would not
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impact the results of the analysis because the two data sets 
represented two distinct geographical areas. Casinos in each set 
operated in one geographical area (Las Vegas or Chicagoland), and it 
was assumed that they face relatively the same environmental conditions 
(e.g., the same gaming tax rate, the same accounting methods, etc.).
Due to the limited access to data, the following gaming-related 
variables were selected for the analysis: number of slots, slot win per 
day, slots to tables ratio, and casino square footage. Number of slots, 
slot win per day, slots to tables ratio, and slot win were selected 
because the majority of casino revenue is generated by slot machines. 
These machines have extremely high and consistent profitability, as 
they have a predictable payout (gross margin) and a low expense ratio 
(labor expense to operate is much lower than for table games) (Simonson 
and Goebel, 1999).
Previous studies (Reynolds and Thompson, 2002) using DEA identified 
that a DEA model should include a variable that would indicate a scale 
of operations. Among the variables identified above, casino square 
footage is the best proxy measure of a casino's scale of operations. 
Non-gaming variables that were available for the analysis included 
number of venues, number of restaurants, and retail square footage.
Number of restaurants : "Our identity is really based on our slots 
and how they pay off, and our restaurants. Food is vital," said George 
Maloof, former president of Fiesta Casino Hotel (Lucas, 2002, p. 101) . 
One study by Lucas and Santos (2003) revealed that there may be a 
relationship between restaurants and casino volume. McKee (1998), 
stated that prominent industry executives have commented on the 
importance of the price-value perception of a casino's food offering 
and its resulting ability to drive casino business volumes. The 
findings of Roehl (1996) and Lucas and Santos (2003) suggested that
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restaurant volume may impact casino volume. In some markets, 
restaurants could retain or capture patrons whose primary visitation 
motive was gaming-related (Lucas and Santos, 2003).
Number of venues: Venues are amenities that are located on the
casino floor. Casino amenities have the ability to attract guests to 
the property and keep guests on-site. Thus, amenities contribute to 
the bottom line since these guests are likely to spend money gambling 
or on other purchases (Roehl, 1996).
Retail Square Footage: Casino-resorts are the largest players in
the retail development trend in Las Vegas. Retail in Las Vegas 
continues to play an important role in defining the uniqueness of this 
destination. Casino operators are adding additional square footage to 
the current layout (North American..., 2001) .
Therefore, among the variables selected for the analysis, gaming 
revenues and EBITDA/Property are outputs and slots to tables ratio, 
number of slots, number of venues, number of restaurants, retail square 
footage, casino square footage, and slot win per day are inputs. Only 
one input is considered to be uncontrollable in this study - "casino 
square footage". The other six inputs are referred to as controllable 
inputs.
Only one variable selected for the analysis - slots/tables ratio - 
was a ratio variable, while the others were simple outputs or inputs. 
Several studies (Lovell, 1995; Pastor, 1996) addressed the issue of 
introducing different scales in DEA analysis. These studies pointed 
out that different scales can lead to results that would not be easily 
interpretable. However, all the variables selected were included in 
the analysis. Tables 5 and 6 summarize the inputs and outputs selected 
for the analysis of two sets of casino properties:
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Table 5 Inputs and Outputs for Las Vegas Strip Properties
Inputs Outputs
Slots to Tables Ratio 
Number of Slots
Number of Venues in the Property 
Number of Restaurants in the 
Property
Retail Square Footage 
Casino Square Footage
EBITDA/Property
i  Inputs and Outputs for Chicagoland Casinos
Inputs Outputs
Slots to Tables Ratio 
Casino Square Footage 
Slot Win Per Day
Gaming Revenues
Research Models
The first research model included six input variables and one output 
variable and was used for twelve Las Vegas Strip casinos. Figure 3 
presents the graphical illustration of the first DEA model that was 
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Figure 3. Model with Inputs and Outputs for Las Vegas Strip Properties
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The second model in this study used three input and one output 
variables and was used for nine Chicagoland casinos. The model is 














(not included in this 
analysis)
- Slots to tables 
ratio
- Casino square 
footage
- Slot win per day
INPUTS
Figure 4. Model with Inputs and Outputs for Chicagoland casinos
Data Source and Reliability and Accuracy of Data 
Once the inputs and outputs have been defined for DEA assessment, 
data must be secured for all units for the chosen inputs and outputs.
If any input and output data item for some unit cannot be secured, then 
the unit must be excluded from the assessment. Given the relative 
nature of DEA assessments, the exclusion of a unit could lead to an 
overestimate of the relative efficiencies of the remaining units 
(Thanassoulis et al., 1987).
If information for at least one variable could not be obtained, that 
casino operation was not considered for the analysis. The Nevada 
Gaming Almanac (2001) and the North American Gaming Almanac (2001) 
contained all the information required for eighteen Las Vegas Strip 
operations and nine Chicagoland properties. Out of eighteen possible 
casinos, twelve Las Vegas Strip properties were selected at random for
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the analysis. By comparison, all nine Chicagoland operations were 
considered in this study. Both the Nevada Gaming Almanac (2001) and 
the North American Gaming Almanac (2001) included individual 
statistical portraits of properties, providing information on casino 
square footage, hotel rooms, number and types of restaurants, venues, 
number and type of devices, and retail square footage.
Thanassoulis et al. (1987) argued that the accuracy of the data is 
important. Where only a few data items are unreliable, it may be 
practical to carry out alternative assessments to test the effects on 
the results of the data items in question. He also warned that an 
inaccurate data item might affect not only the efficiency rating of the 
unit it relates to, but also the efficiency ratings of other units in 
view of the relative nature of those efficiencies. The accuracy of the 
data is assumed in this study as the inputs and outputs were obtained 
from two reliable sources; the Nevada Gaming Almanac (2001) and the 
North American Gaming Almanac (2001).
DEA Models to be Used in the Study
The DEA model can be solved by one of two linear programming 
formulations; either by output maximization or by input minimization. 
The first formulation is the mode in which the analysis endeavors to 
maximize the outputs achieved with the inputs entered and constrains 
the sum of the inputs to be unity. The second formulation is the mode 
in which the analysis endeavors to minimize the use of inputs needed to 
achieve the outputs entered and constrains the sum of the weighted 
output at unity.
Due to the nature of the variables included in the models for this 
study, the adopted DEA model represents an example of the first linear 
programming formulation (output maximization model). Depending on the
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orientation of the model (input or output orientation), efficiency is 
treated as: 1) Input Orientation: A decision-making unit (DMU) is not
efficient if it is possible to augment any output without increasing 
any input and without decreasing any other output; or, 2) Output 
Orientation: A DMD is not efficient if it is possible to decrease any 
input without augmenting any other input and without decreasing any 
output. An assumption one should make in order to properly apply DEA 
is that a DMU will be characterized as efficient if, and only if, 
neither (i) nor (ii) is obtained. Based on the literature support 
provided in Chapter II, the DEA models in this study were set at 
constant returns to scale.
Software to be Used in the Analysis
The implementation of DEA requires the use of software. The 
solution to the DEA models was carried out using the Banxia software - 
Frontier Analyst application. Although the software would allow the 
inclusion of no more than twelve DMUs, it offered at least three 
distinct advantages over other programs available to run DEA analysis.
First, the input data filtering and individual unit inclusion or 
exclusion capabilities of the program provide flexible input data 
management. Second, the software had both constant returns to scale 
and variable returns to scale modes. That was a necessary condition 
for a software package because it was selected prior to the selection 
of inputs and outputs. Setting a DEA model at constant or variable 
returns to scale depends on the nature of inputs and outputs selected 
for the analysis. Third, the software allowed obtaining additional 
analyses that provided a deeper insight into the performance 
characteristics of the DMUs.
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Model Solution and Analysis Techniques
Data analysis in this study involved several steps. The same 
analyses were performed for each of the two data sets, and the results 
of these analyses were examined in detail. The first step in the 
analysis was to run a single stage DEA procedure using Las Vegas Strip 
casinos' and Chicagoland casinos' data, where all inputs (controllable 
and uncontrollable) and outputs were included in the DEA single-step 
analysis. The three-step methodology that was described in Chapter II 
was also utilized in this study. This three-step approach included the 
following steps:
I. First, the data were examined to ensure that:
a) There was a statistically significant relationship between 
each input and at least one output based on the results of 
the correlation analysis;
b) All candidate input factors were independent of each other 
based on the correlation analysis results;
c) Because the research models in this study included only one 
output, the third step that involves an examination of the 
independent nature of output factors was eliminated.
II. Then, an output-maximizing DEA model using only controllable 
factors as inputs was run and analyzed in detail; and,
III. Regression analyses examining the effect of the uncontrollable 
factors on casino properties' efficiency were performed.
After the model was solved using the two approaches (single-step and 
three-step), the following analyses were conducted and described in the 
final stage of the study for the two data sets:
1. Potential Improvements Analysis to determine how each unit can be 
improved;
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2. Reference Contributions Analysis to identify the key units that 
were used as a basis for comparison for inefficient units;
3. Reference Set Frequency Analysis to help identify the "best" 
performers by displaying the number of times an efficient unit 
appeared in other units' "reference sets";
4. Input/Output Contributions Analysis to demonstrate which inputs 
and outputs had been used in determining efficiency, and which 
had been ignored. This analysis provided information about the 
emphasis that the analysis had used for each input/output 
variable;
5. Frontier Plot Analysis to evaluate the relative performances in 
two dimensions. Strategic maps - two-way matrix analyses of DEA 
scores and output variables - were also created; and,
6. Efficiency Distribution Analysis to help in comparing the DMUs. 
These techniques were expected to provide a fuller insight into the 
performance characteristics of the casino operations selected for the 
research and contribute to a better understanding of the practical 
value of the DEA analysis.
Summary
The objectives of this chapter were twofold. The first was to 
outline the way in which a DEA model of a hospitality unit might be 
operationalized. The second was to briefly describe what advantages 
DEA offers to hospitality industry professionals. To accomplish these 
research objectives, the models used in the present study were 
presented. The software and the types of analyses utilized were 
described. Finally, the steps and advantages of a multiple-step 
(three-step) DEA methodology were outlined. The results of these 
analyses are presented and discussed in the following chapter.
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RESULTS OF THE STUDY 
Introduction
This chapter begins with an analysis of the first data set - Las 
Vegas Strip casino operations. Two types of approaches - single-step 
and multiple-step analyses - were considered for this set of casinos. 
Additional procedures (potential improvements, input/output 
contributions, reference set frequency) were performed and further 
investigated. Next, the same procedures were performed with the second 
data set - Chicagoland casinos. The chapter concludes with a 
description of the advantages of the multiple-step approach over a 
single-step procedure.
RESULTS
Model 1 - Las Vegas Strip Properties
The first step of the study examined the data from twelve Las Vegas 
Strip casinos.
Single-step DEA analysis with DEA Model 1
Initially, DEA analysis included all the inputs (number of slot 
machines, slots/tables ratio, number of restaurants, venues, casino 
square footage, and retail square footage) and one output variable 
(EBITDA/Property). The model was set at constant returns to scale.
47
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Table 7 Results of a single-step DEA analysis with DEA Model 1












Casino LVCl 2 86.58%
Table 7 provides a summary of the efficiency scores obtained in the 
single-step DEA analysis. Under the specified conditions the analysis 
produced the following results: seven out of the twelve casino hotels 
were found to have inefficiencies in one or more aspects of their 
operations. The distribution of the relatively inefficient properties 
ranked by efficiency scores ranged from 0.0471 (or 4.71 percent) to 
0.8658 (86.58 percent). The relatively most inefficient property was 
the casino hotel LVCl. The 0.0471 efficiency score of property LVCl 
means that the casino hotel LVCl should be able to produce its actual 
output level with 4.71 percent of the available resources (or using 
95.29 percent less of each input). Each inefficient unit in the 
reference set was compared to the "best performers", i.e., to efficient 
casinos with an efficiency score of 100 percent (or 1). Inefficient 
casinos were not compared to each other.
Multiple-step DEA analysis with DEA Model 1 
Correlation analysis was performed to examine the relationship 
between the dependent (output) and independent (input) variables in the 
data set. DEA analysis was then run using only controllable variables
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and finally, efficiency scores obtained from the DEA analysis were 
regressed on the uncontrollable variable ("casino square footage").
Step I : Examination of Data
This model is based on observations of twelve casinos. To examine 
the nature of the bivariate relationships in the data, a correlation 
matrix with six variables was used prior to running the DEA analysis. 
The correlation matrix (Table 8) was obtained by using the statistical 
software package SPSS 11.0 for Windows.
Table Spearman' s rho Coefficient
Correlation Coefficient (Sig. (2-tailed))
Retail Number Restau­ Slots/ EBITDA/
Variable Sq. Ft. of Slots rants Venues Tables
Ratio
Property
Retail 1.000 . 615 .690 . 185 -.218 .007
Sq. Ft. ( . ) (.003)** (.103) (.564) (.496) (.983)
Number .615 1.000 .821 .089 -.450 .294
of Slots (.003)** (.) (.001)** (.783) (.142) (.354)
Restau­ .690 . 821 1.000 .197 -.516 . 103
rants (.103) (.001)** (.) (.540) (.086) (.751)
Venues .185 .089 .197 1.000 -.480 .100
(.564) (.783) (.540) (.) (.114) (.758)
Slots/ -.218 -.450 -.471 -.516 1.000 -.661
Tables (.496) (.142) (.143) (.086) (.) (.019)**
Ratio
EBITDA/ .007 .294 . 103 . 100 -.661 1.000
Property (.983) (.354) (.751) (.758) (.019)** (.)
** Significant at .05 level
Table 8 reveals that one of the inputs - slots/tables ratio - is 
significantly related to the output. That result meets one of the 
requirements for DEA analysis - at least one of the inputs should be 
correlated with the output (Avkiran, 1999a) . Table 8 shows that the 
correlation coefficients among the inputs are not significant at 0.05 
level. Thus, it is assumed that the inputs are independent of each 
other. The table also indicates that the number of slots is
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significantly correlated with the number of restaurants and retail 
square footage (p<0.05).
Bouler (1997) suggests that in a case when two inputs are correlated 
but belong to different types of variables and represent different 
concepts they can potentially be considered for further analysis. 
However, if there is a need for reducing the number of inputs because 
of sample size considerations, the input that is highly correlated to 
another one should be removed from further analysis.
The three correlated variables in this study (number of slots, 
number of restaurants, and retail square footage), belong to different 
types of variables: the number of slots variable is a gaming-related 
variable, whereas the number of restaurants and retail square footage 
are non-gaming factors. For that reason, all three variables were 
considered in further analysis.
Step II: DEA Results
Among the inputs included into the model for the twelve Las Vegas 
Strip casinos, one variable was uncontrollable - "casino square 
footage". This variable was excluded from the DEA analysis at this 
stage. An output-maximizing DEA model with only controllable variables 
was performed. Thus, the five controllable input variables that were 
included in this DEA analysis were: slots/tables ratio, number of slot 
machines, number of restaurants in the property, the number of venues 
in the property, and retail square footage. Therefore, the ratio of 
the number of DMUs (twelve casino operations) to the sum of inputs and 
outputs (five inputs and one output) is equal to 2, which meets the 
requirements for the analysis, as was explained in Chapter III.
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Table 9 Results of a multiple-step DEA analysis with DEA Model 1











Casino LVC 11 84.96%
Casino LVC12 82.92%
Table 9 shows that five out of twelve casinos were relatively 
efficient. The efficiency scores range from 0.0468 (or 4.68 percent) 
to 1 (or 100 percent). The relatively inefficient Casino LVC12, for 
example, can be thought of as delivering 82.92 percent of its potential 
output. Alternatively, it could be argued that Casino LVC12 should be 
able to deliver its current overall output with 17.08 percent less 
input.
When comparing the results of the two DEA analyses obtained in the 
single-step and three-step analysis, some variation was observed 
between the scores. This indicated that the scores were sensitive to 
the specification of inputs used to measure efficiency of these DMUs.
Step III: Regression Analysis with the Uncontrollable Variable
Regression analysis was performed to examine the impact of the 
uncontrollable variable - "casino square footage" (the size of the 
casino) - on the efficiency scores obtained in the second stage of the 
analysis. The results of the regression procedure, however, were not 
statistically significant. The lack of significance may be explained 
by a small sample size. The effect of the variable was tested using 
regression analysis, which is a parametric technique and is sensitive 
to the sample size used. The finding may be tempered by the fact that
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the efficiency scores were regressed on just one independent variable 
("casino square footage"). It may also be due to the fact that the 
size of a casino is not the best input on which to regress casino 
efficiency, and it does not contribute to the efficiency of the unit in 
this reference set.
Reference Set Frequency Analysis 
In addition to the identification of inefficient properties and 
their efficiency reference set, DEA provided additional insights into 
the magnitude of inefficiency for the inefficient properties or units. 
DEA identified each inefficient unit's reference set of efficient units 
and provided a framework within which performance targets can be set 
for the unit so that it may improve its efficiency. By looking at 
reference set frequency information in Frontier Analyst, it is possible 
to identify a leader that other properties could emulate. When doing 
this, it is important to look for an efficient casino that has the most 
similar input/output characteristics to the inefficient unit rather 
than just taking the most frequently occurring peer as the unit to 
emulate (Avkiran, 2000). Table 10 below reveals how many times 
efficient properties were used as a basis for comparison for other 
units included in the analysis.
Table 10 Reference Set Frequencies for Las Vegas Strip Properties
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The efficient casino LVC3, for example, was used as a basis for 
comparison for other casinos in this reference set six times. In other 
words, six other casinos in this reference set were compared to casino 
LVC3, and their performance was judged against that of casino LVC3. 
Conversely, casino LVC9 that also was identified as relatively 
efficient was not used as a reference for other casinos in this data 
set.
Potential Improvements Analysis 
DEA enables the analyst to obtain information about how much 
inefficient units need to reduce their inputs or increase their outputs 
in order to become efficient. The technique, therefore, not only helps 
managers answer the question "How well are the units doing?", but also 
"How much could they improve?". All the results of this stage of the 
analysis are presented in Appendix I (Las Vegas casinos) and Appendix 
II (Chicagoland casinos) of this paper. Casino LVC6 will be used to 
illustrate what information can be obtained from this step of analysis. 
Table 11 below, obtained as a result of running an output-maximizing 
DEA model, demonstrates actual and target values for Casino LVC6:
Table 11 Actual and target values of inefficient casino LVC6 
(efficiency score -72.87%)






EBITDA (MM) 87.20 119.67 37.24%
Number of Slots 1, 755 1,755 0%
Slots/Tables 26 17 .71 -31.87%
Ratio
Retail Square 27,500 27,500 0%
Footage
Number of 8 8 0%
Restaurants
Number of 6 4.49 -25.22%
Venues
Peer References Casino LVC3, Casino LVC5, Casino LVC7
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Table 11 illustrates that casino LVC6 could improve its EBITDA by 
37.24 percent (from 87.2 million dollars to 119.67 million dollars).
DEA analysis for this casino shows that, based on the inputs and output 
selected for the analysis, in order to improve its EBITDA, the casino 
needs to decrease its slots/tables ratio by 31.87 percent, keeping the 
number of slots at the current level. The actual slots/tables ratio in 
the casino is 26, whereas the desired target that could lead to the 
increase in EBITDA is 17.71 (-31.87 percent). Thus, since the number 
of slots should be kept the same, casino LVC6 should increase the 
number of table games to increase its EBITDA. The number of venues 
should be reduced by 25.22 percent; however, the number of restaurants 
and retail square footage should be kept at the current level. In 
addition, the DEA procedure also indicates that the results for this 
unit were obtained by comparing the performance of the casino LVC6 
performance to that of the efficient casinos LVC3, LVC5, and LVC7 (peer 
references) .
Input/Output Contributions Analysis 
The DEA procedure also yielded the "Input/Output Contribution" 
analysis which provided information about the contribution of each 
input and output to the results of the analysis. This is a useful 
indication of which inputs and outputs have been used in determining 
efficiency, and which have been ignored. In some cases, this may help 
to validate the score. The values are "normalized" to show a 
percentage of the overall input and output contributions. Casino LVC12 
will be used to illustrate the importance of the information obtained 
from the input/output contributions analysis.
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Table 12 Input/Output Contribution Analysis for Las Vegas Strip Casino 
LVC12 (Efficiency Score - 82.92%)
Number of Retail Number of Number of Slots/Tables EBITDA/
Slots Square
Footage
Restaurants Venues Ratio Property
18% 40% 41% 1% 0% 100%
Table 12 illustrates that the number of slots contributed eighteen 
percent to the efficiency score of Casino LVC12, retail square footage 
- forty percent, number of restaurants - forty-one percent, and number 
of venues contributed one percent to the efficiency score. On the 
other hand, slots/tables ratio did not contribute to the efficiency 
score of Casino LVC12. Because only one output was selected for the 
analysis, the table shows that 100 percent of the output 
(EBITDA/Property) contributed to the determination of the efficiency 
score of this DMU. The complete information on input/output 
contributions for all twelve casinos in this reference set is provided 
in Appendix I, in the "Inputs/Outputs Contributions to Efficiency 
Ratings" section.
X-Efficiency Analysis 
It is important to analyze how the selected output is related to 
efficiency; i.e., to what extent the output can be associated with the 
efficiency of a unit. Table 13 illustrates that the correlation 
between EBITDA and the efficiency score is 0.73, i.e., 73 percent of a 
unit's efficiency in this reference set is associated with EBITDA of 
this property.
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Table 13 X-Efficiency Analysis for Las Vegas Strip Properties
Correlation
EBITDA Number of Number Number Retail Slots/
Restaurant of of Square Tables
XI s Slots Venues Footage Ratio
X2 X3 X4 X5 X6
Efficiency 0.73 -0.47 0.06 -0.07 -0.54 -0.20
Score
From table 13, it is clear that increases in the number of 
restaurants, venues, and retail square footage will lead to decreases 
in the efficiency score. It is interesting to note that the number of 
slots has a positive effect on the efficiency score, while an increase 
in the slots/tables ratio will result in a decrease in the efficiency 
score. This paradox may be due to the fact that the slots/tables ratio 
is the only ratio variable among the simple variables included in the 
analysis. The introduction of different scales in one analysis may 
produce results that need to be further investigated. It is also 
interesting to note that the slots/tables ratio was significantly 
negatively correlated with the output variable - EBITDA/Property (Table 
8) .
Figure 5 shows no consistent pattern of efficiency-EBITDA/Property 
among the casinos. However, there are anomalies in the performance of 
two of the casinos: casino LVCl and casino LVC2. Casinos LVC5 and LVC7 
appear to be achieving high efficiencies with relatively low EBITDA 
level. Casino LVC4, for instance, shows lower efficiency than Casino 
LVC5 but at the same time generates higher EBITDA. Whatever the 
underlying causes, the analysis identified units which require further 
scrutiny.
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Model 2 - Chicagoland Casinos 
The same procedures were run with nine Chicagoland casinos. There 
were two DEA analyses: the first one, or the single-step DEA analysis, 
included all the input and output variables and the second, or the 
multiple-step, DEA analysis included only the output variable and the 
two controllable input variables. The regression analysis was later 
used to determine the effect of the uncontrollable input ("casino 
square footage") on the efficiency score obtained in the DEA analysis.
Single-step DEA analysis with Model 2 
The inputs used to run this analysis included the slot win per day, 
slots/tables ratio, and casino square footage variables; the output was
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measured by gaming revenues. The results of the analysis for all the 
casinos in the data set are presented in the table below.
Table 14 Results of a single step DEA analysis with DEA Model 2










The results of a single-step DEA analysis show that three casinos 
out of nine had an efficiency score of 1 (or 100 percent). The 
efficiency scores for the relatively inefficient casinos ranged from
0.7066 (70.66 percent) to 0.8951 (89.51 percent). Each inefficient 
casino in the set is compared to an efficient casino with an efficiency 
score of 100 percent (or 1).
Multiple-step DEA analysis with Model 2
The three-step methodology adopted for this study was used at the 
next stage of the analysis. First, correlation analysis was performed 
by using the statistical software SPSS 11.0 to examine the relationship 
between the output and input variables in the data set. Second, DEA 
analysis was run using only controllable variables and third, the 
efficiency scores obtained at the second stage were regressed on the 
uncontrollable variable ("casino square footage").
Step I : Examination of Data
The model was based on observations of nine casinos. To examine the 
nature of the bivariate relationships in the data, a correlation matrix 
with four variables was used prior to the DEA analysis.
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Table 15 Correlation Coefficient
Correlation Coefficient (Sig. (2-tailed))
Variable Revenue Casino Sq. Slots/Tables Slot Win
Ft. Ratio
Revenue 1.000 (.) .050 (898) -.034 (.930) .850 (.004)**
Casino Sq. .050 (898) 1.000 (.) .333 (.381) -.350 (.356)
Ft.
Slots/Tables -.034 U930) .333 (.381) 1.000 (.) -.154 (.693)
Ratio
Slot Win J350 (.004)** -.350 (.356) -.154 (.693) 1.000 (.)
Correlation is significant at the .01 level (2-tailed).
One of the inputs - slot win - is highly and significantly 
correlated with the output represented by gaming revenues. All the 
input variables are independent of each other as shown by the 
insignificant coefficients in Table 15. These two conditions meet the 
requirements for implementing a three-step DEA approach.
Step II: DEA Results
An output-maximizing DEA model with controllable variables was 
performed. Thus, only two input variables were included in this 
analysis: slot win per day and slots/tables ratio. Therefore, the 
ratio of the number of DMUs (nine casino operations) to the sum of 
inputs and outputs (two inputs and one output) is greater than two 
(which is preferable for the analysis). The model was set at constant 
returns to scale. The results of this step of the analysis are 
presented in Table 16.
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Table 16 Results of a multiple-step DEA analysis with DEA Model 2










Three out of nine casinos turned out to be relatively efficient;
i.e., obtained an efficiency score of 1 (or 100%). Though the same 
number of casinos have some inefficiencies in the analysis with only 
controllable inputs as in the single-step analysis incorporating both 
controllable and uncontrollable inputs, the efficiency scores of three 
relatively inefficient casinos (Casino C4, Casino C6, and Casino C7) 
decreased as a result of the exclusion of the "casino square footage" 
variable from the analysis. The efficiency scores of the three 
relatively efficient casinos - Casino C2, Casino C3, and Casino C5 
remained the same (1 or 100 percent).
Step III: Regression Analysis with the Uncontrollable Variable
At this stage, efficiency scores from the DEA analysis (step II) 
were used as a dependent variable and the "casino square footage" 
variable was used as an independent variable. The results are 
consistent with those obtained in the analysis with Model 1 (Las Vegas 
Strip properties); that is, the results of the regression analysis were 
not significant.
The results of these two regression analyses (efficiency scores 
regressed on the uncontrollable variable) were not statistically 
significant. It can be concluded from the analysis that for these two 
groups (and only for these two groups) of casinos the size of the 
casino does not contribute to the properties' efficiency.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
Reference Set Frequency Analysis 
Table 17 provides an insight into how many times the relatively 
efficient units in the analysis were used as a reference for other 
operations.
Table 17 Reference Set Frequencies for Chicagoland Casinos





Table 18 shows the strength of the relationship between the 
efficiency score obtained and the input and output variables in the 
model.
Table 18 X-Efficiency Analysis for Chicagoland Casinos
Correlation
Gaming Revenue Slot Win Slots/Tables Ratio
Efficiency Score 0.61 0.29 -0.46
For example, for this set of casino properties, gaming revenues are 
61 percent associated with efficiency of a unit.
Figure 6 illustrates a strategic map of relative casino position 
along the dimensions of efficiency and gaming revenues (casinos are 
labeled as Cl, ..., C9) . The figure is obtained as a part of the DEA 
analysis.
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Figure 6 Efficiency-Gaming Revenues Relationship
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Summary
In conclusion, a three-stage methodology helped isolate the effects 
of the uncontrollable variable (casino square footage) and analyze what 
improvements can be made to increase the efficiency scores of the 
casino operations. The three-stage approach demonstrated that more 
meaningful information can be obtained from the DEA analysis after 
uncontrollable variables are excluded. Measurement that accounts for 
uncontrollable factors is more vital than a mixed analysis, because 
uncontrollable variables are most influential in establishing an 
efficiency frontier (Norman and Stoker, as cited in Reynolds and 
Thompson (2002)). Moreover, when uncontrollable factors are accounted 
for, high performance becomes a function of management decisions 
(Reynolds and Thompson, 2002) . If uncontrollable variables had turned
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out to have a statistically significant effect on the efficiency scores 
obtained from the DEA analysis, this may have shown what percentage of 
a property's efficiency is beyond the management's control. This 
information could not be obtained using only a single-step procedure. 
Simultaneously, the results of the DEA procedure indicate what changes 
in controllable inputs are required in order to enhance efficiency or 
productivity of an operating unit.
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Chapter V
IMPLICATIONS AND CONCLUSIONS 
Introduction
This chapter begins with a summary of the findings of this study and 
discusses the possible implications of the adopted three-step 
methodology. Key limitations of the study are discussed. The chapter 
concludes by noting suggestions for future research on the topic.
Summary of the Study
Since the purpose of the study was illustrative, the findings and 
models used are not conclusive with respect to determining what input 
and output variables should necessarily be included in the DEA analysis. 
The study has explored how a relatively new managerial tool - Data 
Envelopment Analysis (DEA) - can be applied to the casino industry.
The DEA technique has been illustrated by an application to casino 
properties in two geographic areas - Las Vegas and Chicagoland. Two 
data sets were created for the analysis. One included twelve Las Vegas 
Strip casino operations. The other one included nine Chicagoland 
casino properties. A research model with a number of inputs and one 
output was created for each data set.
The study illustrates the problem of defining an appropriate set of 
performance measures in the form of inputs and outputs to be used in 
assessing the units. The study also lends further insight into the 
capabilities and practical value of the application of the DEA
64
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technique in the hospitality industry, and in particular, the casino 
sector.
Despite the advantages of DEA, care is still needed when 
interpreting the results of the analysis. For example, a property 
reported as being 100 percent efficient is not necessarily producing 
maximum outputs for the inputs used; rather, the property is deemed to 
be 100 percent efficient relative to its peers.
The study emphasized that there are at least three pragmatic reasons 
for choosing DEA as a diagnostic tool in the management's decision 
making. First, in the DEA analysis, the focus is on highlighting 
individual DMUs that exhibit best practices rather than the central 
tendency of the group as a whole. Second, the approach allows one to 
identify specific areas that need to be improved and offers 
prescriptions as to how improvements in efficiency can be made. Third, 
the technique can complement other methods used to evaluate a company's 
productivity and efficiency and provides information not obtainable 
with other techniques.
DEA appears to be suitable as a tool for identifying specific 
problems that a DMU might face. The present study has demonstrated its 
use as a diagnostic for problems involving the utilization of resources.
Discussion of the Methodology and Findings
A three-step methodology was adopted for the study to gain an 
additional insight into the performance of twelve Las Vegas Strip and 
nine Chicagoland casino operations. This methodology allowed isolating 
an effect of the uncontrollable variable (casino square footage) on the 
efficiency of the casino properties. The methodology required running 
the DEA procedure using only controllable variables, and this approach 
helped obtain more meaningful results for hospitality industry
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professionals. Because DEA is capable of identifying problem areas and 
making prescriptions as to what aspects of a unit's performance should 
be improved, including only controllable variables in the analysis 
allows for an actual implementation of the changes that are prescribed 
by the analysis.
The uncontrollable variable (casino square footage) that was used 
for the two models in this study showed no effect on the casino 
properties' efficiency score. However, excluding this variable from 
the DEA analysis produced results that shed light on what needs to be 
done to improve the performance of a casino operation.
The study also revealed that there are some problems with 
introducing a ratio variable (slots/tables). The variable turned out 
to be negatively correlated with the efficiency score, while the simple 
input variable "number of slots" (nominator of the ratio variable) is 
positively correlated with the efficiency score. It must be noted that 
the slots/tables ratio was negatively correlated with the output 
variable - EBITDA/Property. However, the variable was included in the 
analysis without any transformations. It might be interesting to try 
to take the inverse of the slots/tables ratio and explore how that 
would affect the results of the DEA analysis.
Additional analyses that are considered to be a part of the DEA 
approach were obtained and further explored. The DEA technique allowed 
performing inputs/outputs contributions analysis to closely explore how 
different aspects of a unit's performance contribute to its efficiency 
rating. Performance aspects on which the unit appeared stronger need 
to further be investigated beyond the context of the DEA analysis. 
Potential improvements analysis presents a special value to the 
management of a DMU because it demonstrates how a change in actual 
values of inputs can result in a change in the level of outputs.
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Key Limitations of the Study 
It should be noted that the study has several limitations. Las 
Vegas and Chicagoland operators face significant competition and 
challenging business conditions; however, environmental factors were 
not included in the model presented in this study. DEA analysis itself 
has a limitation in that the technique evaluates relative efficiency 
and productivity and does not allow analysts to evaluate absolute 
efficiency and productivity. The DEA models in the study consider only 
a single output which may ignore other important performance measures 
of a casino operation. Due to the limited access to data, many inputs 
that could potentially be included in a DEA model have been ignored in 
this research. The two data sets in the study included a limited 
number of properties because of the limitations of the software used 
for the analysis in this study and the limited access to data. In 
addition, only one year's worth of data was included in the analysis. 
Thus, the results of the analysis cannot be generalized beyond this 
year. The efficiency scores obtained in the analysis are 
representative of this particular year and are expected to be the same 
in another period of time.
Suggestions for Future Research 
Future research would be helpful in gaining a broader understanding 
of the details, capabilities, and technical limitations of Data 
Envelopment Analysis and its applications in the service sector. It 
would be beneficial for the industry if researchers would try to 
identify whether variables of different scales (e.g., categorical, or 
dichotomous variables) can be included in DEA models without any 
modifications or problems in future interpretations of the results of 
DEA analysis.
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Attempts should be made to incorporate a fairly comprehensive list 
of inputs and outputs which would reflect the general range of hotel, 
casino, or restaurant activities in order to obtain informative and 
robust results. Some additional outputs to use in a model could 
include some ratios that Gu (2002) used in his comparative study of 
performance gaps between European and United States casinos. His ratio 
set included fixed assets turnover, operating efficiency ratio (ratio 
of operating profits, or income before fixed charges and taxes, to 
total revenue), profit margin, return on assets, and return on equity.
Moreover, further refinement of the adopted input and output 
measures to reflect the concepts of productivity and efficiency are 
also required in future research. Gu (2002) argues that casino firms 
make every marketing effort possible to fill their hotel rooms to 
increase gaming profits. It would be interesting to include the 
occupancy component in a DEA model and analyze the effect of this 
variable on the efficiency of casino companies that, in this case, 
would be represented by gaming profits. A DEA model should also 
contain a costs component that was ignored in this study due to the 
lack of relevant data.
In addition, a cross-efficiency analysis that could not be performed 
with the version of the software used in this study should compliment 
the types of analyses demonstrated in this thesis. A cross-efficiency 
matrix would convey information on how a unit's relative efficiency is 
rated by other units. This procedure would allow comparing units 
according to the weighting of all the others in the reference set.
An attempt to capture variations in efficiency over time should also 
be made in future studies. The efficiencies obtained would give 
indications of the variability in efficiency of each hospitality 
operation over time. DEA can be used to decompose changes in the
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efficiency of a unit over time between those that can be attributed to 
the unit and those that can be attributed to an overall change in the 
environment the unit is facing. This provides further benefits that 
companies can realize from using the DEA approach. Also, an 
interesting extension to this study would be to explore how the DEA 
technique might be used simultaneously with other analytic tools to 
produce a single consistent set of recommendations for productivity and 
efficiency improvements.
DEA yields managerial information not only in respect to individual 
units but also about units at the collective level. Provided that DEA 
can also be used to investigate the effects of setting up new units 
and/or ceasing the operations of other units (Boussofiane, Dyson, 
Thanassoulis, 1991), the potential for using it for analyzing multiunit 
hospitality properties should be further examined.
Some research in the past suggested that DEA would be useful in 
marketing (Tankersley, 2000). Since then, analysts appear to have 
begun to recognize that not only is DEA useful or appropriate for 
managing marketing activities, but that it is particularly suited for 
the task. Charnes, Cooper, Learner, and Phillips (1985) suggest that 
it is difficult to identify the specific relationships that exist 
between marketing inputs such as advertising and sales efforts and 
outputs of interest such as market share. This ambiguity can be 
overcome by using DEA. Furthermore, the effect of the multiple 
resources often used in marketing-related activities is likely to be 
interactive in nature as well as dependent upon competitors' activities 
(Golany, Learner, Phillips, and Rousseau, 1988). DEA is capable of 
dealing with such complexities and can be used to examine the 
efficiency with which marketing managers use the resources available to 
them to sell a particular product.
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Finally, additional research could be conducted to explore how DEA 
can help compare one product to another in terms of the efficiency with 
which the different products turn resources expended by the customer 
into outputs desired by the customer. The DEA technique might yield 
useful insight into the competitive structure of a market and thus, 
provide the basis for new product development decisions. Beyond using 
DEA to make product comparisons, it has also been suggested it can be 
used to evaluate marketing personnel {Tankersley, 2000). All this 
makes DEA a very attractive diagnostic tool for the marketing 
professionals in the hospitality industry. Future research must focus 
on the further exploration of DEA applications in this sphere of 
service marketing.
Conclusions
The primary objectives of this study were to apply a new managerial 
tool - Data Envelopment Analysis (DEA)- for evaluating the relative 
efficiency and productivity of hospitality properties, to offer 
empirical evidence of the value of the DEA technique, and to explore 
the extent to which DEA might offer additional insight beyond the 
techniques currently used by managers and analysts in the hospitality 
industry. The primary contribution of the study was to present a 
technique for evaluating the performance of an operation that would not 
suffer from the same limitations as the existing techniques available 
to the hospitality industry professionals.
Clearly, the uses of DEA are neither exclusive nor exhaustive. DEA 
models should not be used alone to assess property performance. 
Efficiency in the management of a hospitality operation can only be 
measured by a thorough analysis of all systems. The DEA approach can 
provide the basis for the development of better and more advanced
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models which include multiple outputs and multiple inputs to capture 
the nature of hospitality properties as well as aid in the management 
of an organization. It is a powerful evaluation technique that enables 
management to link input usage to critical performance outcomes. In 
conclusion, the study illustrated preliminary evidence regarding the 
unique perspective provided by DEA, and based on this evidence, it is 
clear that the application of DEA in the hospitality industry requires 
further investigation.
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APPENDIX I 
DEA MODEL 1 (Las Vegas Strip Properties)
Graph 1. Overall Distribution of Scores of DMUs in the set
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Graph 2. Improvement summary by output (shows the percentage of casinos 
in the set that have to improve the level of outputs)
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Potential Improvements Analysis for Las Vegas Strip Casinos
Table 1 Actual and target values of inefficient casino LVCll 
(efficiency score - 84.96%)
Inputs/Output Casino LVCll Casino LVCll Potential
(actual) (target) Improvements
EBITDA (MM) 98.90 116.41 17.71%
Number of Slots 2,041 1,537.21 -24.68%
Slots/Tables 29 14.62 -49.58
Ratio
Retail Square 27,067 27,067 0%
Footage
Number of 8 8 0%
Restaurants
Number of 3 3 0%
Venues
Peer References Casino LVC3, Casino LVC5, Casino LVCIO
Table 2 Actual and target values of inefficient casino LVC8
(efficiency score -84.91%)
Inputs/Output Casino LVC8 Casino LVC8 Potential
(actual) (target) Improvements
EBITDA (MM) 121.00 142.51 17.78%
Number of Slots 2,219 1,910.71 -13.89%
Slots/Tables Ratio 16 16 0%
Retail Square 25,508 25,508 0%
Footage
Number of 15 12.31 -17.96
Restaurants
Number of Venues 9 1.94 -78.39%
Peer References Casino LVC7, Casino LVCIO
Table 3 Actual and target values of inefficient casino LVC12
(efficiency score -82.92%)
Inputs/Output Casino LVC6 Casino LVC6 Potential
(actual) (target) Improvements
EBITDA (MM) 96.40 116.26 20.60%
Number of Slots 2,086 2,086 0%
Slots/Tables 27 22.76 -15.71%
Ratio
Retail Square 24,000 24,000 0%
Footage
Number of 8 8 0%
Restaurants
Number of 5 5 0%
Venues
Peer References Casino LVC3, Casino LVC5, Casino LVC7, Casino LVCIO
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Table 4 Actual and target values of inefficient casino LVC6 
(efficiency score -72.87%)
Inputs/Output Casino LVC6 Casino LVC6 Potential
(actual) (target) Improvements
EBITDA (MM) 87.20 119.67 37.24%
Number of Slots 1,755 1,755 0%
Slots/Tables 26 17 .71 -31.87%
Ratio
Retail Square 27,500 27,500 0%
Footage
Number of 8 8 0%
Restaurants
Number of 6 4.49 -25.22%
Venues
Peer References Casino LVC3, Casino LVC5, Casino LVC7
Table 5 Actual and target values of inefficient casino LVC4
(efficiency score -72.71%)
Inputs/Output Casino LVC4 Casino LVC4 Potential
(actual) (target) Improvements
EBITDA (MM) 119.00 163.67 37.54%
Number of Slots 2,200 1,348.89 -38.69%
Slots/Tables Ratio 21 9.44 -55.03%
Retail Square 514,084 46,111.11 -91.03%
Footage
Number of 10 10 0%
Restaurants
Number of Venues 8 3.33 -58.33%
Peer References Casino LVC3
Table 6 Actual and target values of inefficient casino LVC2
(efficiency score - 12.34%)
Inputs/Output Casino LVC2 Casino LVC2 Potential
(actual) (target) Improvement s
EBITDA (MM) 29.30 237.50 710.57%
Number of Slots 2,294 2,294 0%
Slots/Tables Ratio 22 17.21 -21.77%
Retail Square 60,000 60,000 0%
Footage
Number of 19 16.23 -14.57%
Restaurants
Number of Venues 7 4.24 -39.38%
Peer References Casino LVC3, Casino LVCIO
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Table 7 Actual and target values of inefficient casino LVCl
(efficiency score - 4.68%)
Inputs/Output Casino LVCl Casino LVCl Potential
(actual) (target) Improvements
EBITDA (MM) 11.00 235.11 2,037.39%
Number of Slots 2,385 2,385 0%
Slots/Tables Ratio 24 18.22 -24.06%
Retail Square 500,000 57,056.21 -88.59
Footage
Number of 20 16.65 -16.74
Restaurants
Number of Venues 4 4 0%
Peer References Casino LVC3, Casino LVCIO
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Input/Output Contributions to Efficiency Ratings 
Table 8 Las Vegas Strip Casino LVC5 (Efficiency Score - 100.00%)
Number of 
Slots









0% 39% 42% 0% 19% 100%
Table 9 Las Vegas Strip Casino LVC7 (Efficiency Score - 100. 00%)
Number of 
Slots









17% 35% 48% 0% 0% 100%
Table 10 Las Vegas Strip Casino LVC9 (Efficiency Score - 100. 00%)
Number of 
Slots









0% 50% 0% 0% 50% 100%
Table 11 Las Vegas Strip Casino LVCIO (Efficiency■ Score - 100 .00%)
Number of 
Slots









0% 0% 0% 38% 62% 100%
Table 12 Las Vegas Strip Casino LVC3 (Efficiency Score - 100.100%)
EBITDA/




38% 62% 0% 0% 0% 100%
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APPENDIX II
DEA MODEL 2 (Chicagoland Casino Operations)
Graph 1. Overall Distribution of Scores of DMUs in the set
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Graph 2. Improvement summary by output (shows the percentage of 
properties in the set that have to improve the level of outputs)
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Potential Improvements Analysis for Chicagoland Casinos
Table 1 Actual and target values of inefficient Casino C7 (efficiency
score - 80.60%)
Inputs/Output Casino Cl Casino C7 Potential
(actual) (target) Improvements
Gaming Revenue 217.6 269.97 27.07%
Slot Win 4 62 4 62 0%
Slots/Tables 19 19 0%
Ratio
Table 2 Actual and target values of inefficient Casino C8 (efficiency
score - 78.85%)
Inputs/Output Casino C8 Casino C8 Potential
(actual) (target) Improvements
Gaming Revenue 115.4 146.36 26.83%
Slot Win 178 178 0%
Slots/Tables 26 15.38 -40.86%
Ratio
Table 3 Actual and target values of inefficient Casino C6 (efficiency
score - 75.85%)
Inputs/Output Casino C6 Casino C6 Potential
(actual) (target) Improvements
Gaming Revenue 280.6 369.94 31.84%
Slot Win 581 581 0%
Slots/Tables 29 29 -40.86%
Ratio
Table 4 Actual and target values of inefficient Casino C4 (efficiency
score - 74.04%)
Inputs/Output Casino C4 Casino C4 Potential
(actual) (target) Improvements
Gaming Revenue 235.8 318.47 35.06%
Slot Win 482 482 0%
Slots/Tables 26 26 0%
Ratio
Table 5 Actual and target values of inefficient Casino Cl (efficiency
score - 73.07%)
Inputs/Output Casino Cl Casino Cl Potential
(actual) (target) Improvements
Gaming Revenue 176.2 241.13 36.85%
Slot Win 296 296 0%
Slots/Tables 25 25 0%
Ratio
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Table 6 Actual and target values of inefficient Casino C9 (efficiency
score - 70.66%)






Gaming Revenue 119.1 168.56 14.53%
Slot Win 205 205 0%
Slots/Tables 25 17.71 -29.17%
Ratio
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Input/Output Contributions to Efficiency Ratings 



























Table 10 Chicagoland Casino Cl (Efficiency Score - 80.60%)
Slots/Tables Ratio Slot Win Per Day Gaming Revenue
Contribution to Contribution to
Efficiency Rating Efficiency Rating
42% 58% 100%
Table 11 Chicagoland Casino C8 (Efficiency Score - 78.85%)
Slots/Tables Ratio Slot Win Per Day Gaming Revenue
Contribution to Contribution to
Efficiency Rating Efficiency Rating
0% 100% 100%
Table 12 Chicagoland Casino C6 (Efficiency Score - 75.85%)
Slots/Tables Ratio Slot Win Per Day Gaming Revenue
Contribution to Contribution to
Efficiency Rating Efficiency Rating
47% 53% 100%
Table 13 Chicagoland Casino C4 (Efficiency Score - 74.04%)
Slots/Tables Ratio Slot Win Per Day Gaming Revenue
Contribution to Contribution to
Efficiency Rating Efficiency Rating
49% 51% 100%
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